A primary, nonselective, ambient-temperature enrichment procedure for isolation of Salmonella spp. is described. 
Isolation of Salmonella spp. from water and sediment samples collected from Chesapeake Bay and its subestuaries was difficult when recommended procedures (4, 17) for isolation of Salmonella from food and water samples were employed. Salmonellae are usually isolated by employing highly selective enrichment and plating media incubated at an elevated temperature (41.5°C) after inoculation (1) . Most investigators use this approach for detection of human pathogens in all types and classes of water, although, in fact, elevated temperatures and highly selective media are aimed at detection of Salmonella in water heavily contaminated with sewage (9, 19) . Interestingly, Harvey and Price (9) observed that a lower incubation temperature (37°C) may be required for samples containing smaller populations of Salmonella or organisms in need of "resuscitation." The importance of resuscitating stressed Enterobacteriaceae before transfer to a selective medium was reported by Mossel et al. (13) . In addition, Bissonnette et al. (3) demonstrated that stressed Escherichia coli can be revived by inoculation into a nonselective medium.
Physical and chemical characteristics of the environment, as well as the residence time of the microorganisms, can influence recovery. For example, heat tolerance of Salmonella in samples collected from areas of in situ tempera- ' tures less than 350C is significantly less than that of Salmonella recovered from samples collected where warmer in situ temperatures are found (2, 14) . Baird-Parker et al. (2) showed heat tolerance to be inversely proportional to salinity, and Ng et al. (14) reported that carbon-limited cells may be more heat resistant than nitrogen-limited cells. Thus, environmental factors appear to exert a significant effect on recovery of Salmonella from extraintestinal sources. Salmonella spp. may be poor competitors in the aquatic environment (10) , and recovery of these organisms may depend on factors not usually considered for clinical or food samples.
In a previous study (18) , an ambient-temperature primary nonselective method was used in parallel with selenite cystine and tetrathionate media for the isolation of Salmonella spp. in Chesapeake Bay. Thirty-four water and sediment samples were examined, and four (11.8%) were found to contain Salmonella spp. Serologically confirmed Salmonella spp. were recovered only when the nonselective enrichment method was employed. It is the objective of this report, therefore, to describe in detail the primary nonselective enrichment method for recovery of Salmonella spp. from estuarine samples and its application in a study of (Fig. 1) . The stations included three sites in Baltimore Harbor and two relatively unpolluted areas in Chesapeake Bay, Chesapeake Beach and Eastern Bay.
Water samples were collected with a 2-liter sterile Niskin bag sampler (General Oceanics, Miami, Fla.). Top water was sampled at ca. 1 m below the surface, and bottom water was sampled 1 to 2 m above the sediment-water interface. The upper 10 cm of the sediment was sampled by using a nonaseptic Petite Ponar grab, and the sediment samples were aseptically subsampled for microbiological examination. At each station, only one sample of each type, i.e., top water, bottom water, and sediment, was collected and examined on each cruise.
Methods employed for measurement of temperature, dissolved oxygen, salinity, and transparency have been reported elsewhere (17) .
All samples were processed aboard ship immediately after collection. The inoculated media were incubated at 350C aboard ship and were transported to the laboratory upon docking. Approximately 1 h elapsed between docking and arrival at the laboratory. Subsequent elevated-temperature incubation (42.5 and 44.5°C) and bacteriological analyses were performed in the laboratory.
Bacteriological examination. Total viable bacterial counts were determined by using Upper Bay yeast extract agar, the formula for which has been reported elsewhere (17) .
Total coliforms were estimated by using a threedilution, three-tube replication of lactose broth (Difco) in a most probable number (MPN) series. Sample volumes of 10.0, 1.0, and 0.1 ml of top and bottom water or of a 1:10 dilution of sediment were inoculated into the appropriate tubes. In the spring and fall, additional dilutions were made at the Baltimore Harbor stations so that 0.1-ml amounts of 1:10 and 1:100 dilutions were also inoculated. Lactose MPN tubes were incubated at 35°C for 48 h, after which they were examined for growth and gas. Tubes showing growth and gas production were recorded as presumptive for total coliforms.
Positive lactose broth tubes were used to inoculate tubes of EC broth (Difco) which were incubated at 44.5 + 0.5°C. Tubes showing growth and gas after 24 h were recorded as confirmed for the presence of fecal coliforms.
The MPN index for both total and fecal coliforms was computed by using published tables (1) .
The procedure used to isolate Salmonella was a primary, nonselective, ambient-temperature enrichment method, devised because of the failure of selective enrichment to yield confirmed Salmonella (18) . Duplicate tubes of double-strength lactose, dulcitol, and inositol broths were each inoculated with 10 ml of water sample or sediment dilution. The latter two media were prepared by the same formula as lactose broth except for the substitution of dulcitol or inositol for lactose. Top-and bottom-water samples were filtered through a 0.45-,um membrane FIG. 1 . Chesapeake Bay stations sampled in this study.
by using 100-ml volumes (later increased to 250-ml volumes for non-Baltimore Harbor stations). The membrane filters were rolled up after filtration and placed in single-strength lactose, dulcitol, and inositol broths. In addition to the sediment dilution, 50-and 100-g sediment samples were placed into 100-and 150-ml volumes, respectively, of enrichment broths.
The inoculated enrichment media were allowed to incubate at ambient temperature, ca. 25°C, for approximately 4 h, followed by incubation at 35°C for a combined incubation of approximately 24 h. After primary nonselective (i.e., ambient-temperature) enrichment, 1 ml was transferred to 10 ml of selenite cystine broth (Difco) and incubated for 24 h at 42.5 + 0.5°C for selective enrichment.
After selective enrichment, the selenite cystine broth cultures were streaked onto a variety of isolation media, including brilliant green agar (Bioquest), bismuth sulfite agar (Difco), salmonella-shigella agar (Difco), and XLD agar (Difco Colgate Creek (station CBB07, Fig. 1 ) is the deepest of the three stations examined in this study (Table 4) Chesapeake Beach (station 8410A, Fig. 1 ) and Eastern Bay (station 8540S, Fig. 1 ) were found to be free from detectable salmonellae. These stations are more brackish (8 to 10%) and have far lower fecal coliform MPN indices, usually <3 per 100 ml. Other investigators (5, 8) have reported the isolation of salmonellae from high-quality waters, but in this study salmonellae were not observed. However, investigation is continuing at these and other relatively clean sites in Chesapeake Bay.
The results of the MPN analyses for Salmonella enumeration (Table 5) (4, 18) , it is concluded that a nonselective primary enrichment technique should be employed for enumeration of environmentally stressed Salmonella in estuarine water and sediment samples. The nonselective enrichment, combined with a gradual, stepwise increase in temperature of incubation, provides an easier transition from the environment to the laboratory for microorganisms that otherwise might not survive. This method, with examination of large volumes of water by filtration (15), should provide good success in enumeration of Salmonella in estuarine water and sediment.
Little difference in efficiency was noted when dulcitol and inositol enrichment were compared. However, dulcitol enrichment did yield more (five versus two) serotypes than inositol. Inositol is less frequently utilized by strains of Salmonella. Nevertheless, both carbohydrates yielded approximately the same MPN for samples collected and tested during the May 1976 sampling. Lactose enrichment was used initially, but greater interference by overgrowth of other enteric bacteria was noted. Lactose and selective, elevated-temperature procedures were not used in subsequent analyses for the same reason noted by Cherry et al. (5) , namely, that it is necessary to compromise between an intense search within a few samples and a less exhaustive search in more samples. Thus, dulcitol broth, combined with ambient-temperature preincubation, is recommended for isolation of Salmonella from estuarine and coastal water and sediment samples.
From the results of this study, it is concluded that an enteric pathogen, such as Salmonella, can exist in an estuarine environment and can best be detected by use of a nonselective primary enrichment medium, combined with a stepwise increase in temperature of incubation. It will, most probably, be discovered that most pathogenic bacteria, other than Salmonella, require new methods or revision of methods designed for clinical specimens for their enumeration and isolation from the natural environment. Clearly, environmental factors must be considered in studies involving human pathogens in materials not routinely processed in a clinical laboratory.
